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dUclMa'ae ('QI) e4 tU tot•l •tont ckil'.CiOA (De) 
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Vttb mor• mad .ore ellpb••1• betaa placed upo water control and 
water supply th• need for -.:curate predlctloD of •tr ... flow bu 
t:ocreued. 111 de•tptaa c1 ... •pUlway•, drop tnlete, culverta Md other 
hydraulic •tructure•, 1t i• NMQtlal for tbe •n&iDMr to know tM ti• 
aQd t'&te of runoff froa tlut vaterelMd abow tbe propoaed etructure. 
Tbere are four po••ibillt1•• for deteralatna thia relat1on8hlp: 
1. rroa aaatna record• if th• atreu 1• pr•••ntly gapcl, 
2. Gaae the atr- if not already aaaed, 
3. Predict th• tlM ud rate of runoff fr<>11 a ltke area, or 
4. Develop a aynthetic (matbematic&lly d•rived) hydroarapb. 
lf the altuation l• repreaented by tbe firat poaaibllit7, tbe probl .. of 
deteratntna tbe tllle aJMl r•t• of runoff vould a.. areatly •i11Plifted. 
ver, even wlth the .,,.r increutna m.aaaber of a•aed •tre ... , the rob• 
abtU.ty of lt• Ml a gapd 1• not htp. Tb• aecoud poaatb1Uty would 
require a eonaiderable amou t of time to obtain a •ufflcieut nutllber of 
record• to a•t a repreaeotatlve re1at1onab1p. The kird .. tbocl 1• 
ltaited by the poeatbtltty of flndina • aaaed vater•becl •~fficlently 
•11111.ar in bydrol steal claaracterl•tic• to alve • true picture for the 
wterabed iuvolved. 1'be lut technique 1• llllited by tbe reU.ablUty of 
the •Jl'ltbett.c •tbod uMd, •ioc• tber• are MD7 •tboda, each belaa 
developed for • differ• t seoarapblcal area and •i•• of waterabed. How• 
ever, of tb• four poa•iblliti .. probably tbe ll08t frequeatly \lae4 la tbat 
of developlna a •JRth•ttc llydroarapla. 
Th•r• are tlaDJ .. thod• in exiatence tod•J for developtna a •YDtlutt• 
le unit hyctroarap Ad re1earch 1• being done on the 4eve1opaat of new 
proceclut:el u W>R d•t• lwacoa. avatlal>le. AU ·of w procedure• u .. 
•aurable vaterebed curaeted.•U.e• in tile equation fen pracU.oU41 ~ 
ttae aod rate of NUOf f i-elattonakf.p. Molt of th• •JGtUt1c •tll<Mla allO 
e111plo7 the unit ar•pb prlnciplel pl'epo•ad bJ L. &. Shen.an (lS) lo lt32. 
IQ tbe appllcatton of the unf.t bydroarapb priGClpl• to 1D4reaaat• of 
prectpi.t•Uoa from a atven •tora, a llWllber of otber fut•• affect the 
U.• ud rate•of•NMff relatiouhip. SOM of th .. e factor• ••= total 
duratto• of ratwu. tnfUtrat.lo11, •tom paC:teJto, t.nteulty ·Of tbe T&ta• 
fall. an4 POll'.,aatcal loc•tton. If the l11terr•l•ttoubip• l)f tb•• 
factor• •r• -.GdeHtood, th• probl• of p~ecllcttoa •tn. runoff would be 
•hlpU.fie4. 
TM obJecttve of thi1 •tudy 1• to lnvoU.aat• the effect of atora 
patteru. •tom wr•tiOM, aad the unit araph •thod on the ayntbeataed 
etorm bydroal'apba. Pov •tom pattena, four •tom durauou, n4 tbi'ee 
1,atheU.c hJdrograpb •thod• are uad. 'l'h• .four atom patteru uMd are 
the .Svaaced, lnt•~late, dela,...t, aa4 the Soll Conaewattoa S.nlce•• 
ratafall dtatribut:toa cune B. the four atora 4oratt.ou e&1Plo7ed with 
the correQOQdt.na SO J'G&r recunnce tnterval ifttenatU.e1 are: 
1. 0., hr. at 4.6 tn../hr., 
2. 1. hr. at 3.0 to./lar., 
3. 2 br. at 1. 7 la.Ju., aad 
4. 4 br. at 0.96 tn./br. 
tbr• 1yathetlc unlt hJdrop:apla •tb.oda •• ued, ..,....1,. Gray•a, SoU 
ConlerNticm Santee••• and Snyd•r''• (With mc:Uflcatiou wbich are abowll 
ln Append.ta C). fbe ltol'll hyd,rograpll• developed oy the three tecbntquea 
are COQWued vlth the •tom hych:oat"a,h• develo.-d by ·t!M vae of tile uaU 
hydroanph for • at.ven water•bed. 
4 
UYXD at LttEIA'fUll 
The il!lpot"t.aoc• of r"alofaU patten. Wida t•pr4 to their •ff•t a 
tb• •trua hJdrolffPh u brouabt otat by .._rat Mtthora. ...._.. (36) 
felt that tile peatc rate aad otlwr wnoff r•••• •• •tert.ally affected by 
tba i.•t-.lty vart.atlon• ilu'C'f.na a •tom. lUubaU (30) llatect ratnf•ll 
lnteulc, 4lltrl1Ntion or raW•l1 P'thn u oa of ftw factor• vhf.eh 
,....tlJ varied tbil looattoa of tlw pak c11.-..p Vltb l'UPMt cot•. 
la latel' WOl.'k vt.tll ... u .,..riMatal vat•'l'lbed•• ta.MhaU (29) fouft4 
Wt th ,.0 41.eclau'p ad t• "rio4 of rt•• wr• dependent on raiofaU 
lotenaitJ and •tom pattera. fte flr•t •tep for cletermtot.q naaoff. • 
.. t forth t.1 Borner aocl Jent (J. ) 1• to cle•nl• • l'&infall patt•rn fro.a 
wbf.ch IM'fotc• runoff ta to M ..,.luted. 14•1., U ~1. (27, p. 195) 
point. out that, dependlftt upon m.. •la• o.t tlM wat•r•Md, the d.•• 
11\'teuity pattern of raS.nf•ll bu a ....,. ..... •lf41Ct oo ta. l&Jdl'Ofrapll. 
'file laaw tlM ••tenhed. the 1oaa- a. blp t•t-itJ bur•t VOQld U.. 
to be to uw u •tl•ct o tile bJCiro ..... 
QcR Md Wan.ock (20) eute that rat.ofaU toteulty l• pnbabl7 tu 
••t ilfportant factor vhich tnflueacu th• f~J of ,.ak rat•• of 
NnOff. Bol'too (lt) and Wl•l• and Irater (4S, p.. J2) hath motto l'&io-
fall tnt-.lty • • preclpitatlon factor •ff11ett.a• 'tile atn• hfdr:opaph • 
.,.,..., , no dinot Mlltioa ta _.. r._dtq tac..-1qr ,.tc•ru in the 
l•tt• tbr• •tlc1••. 
binfaU lateutttea _. pttR'aUJ pr .... ted a llourly rate• or •• 
s 
bO\d'ly rate• tn Weather hr.- pubUcattou (42) .- ta ••t f~f 
aaa11•••. lalo.f•U tnt•n•tttu. ,,...,. coaatderably, and uniform eontl.m.tGll• 
rainfall doe• not occur (2.8). ftel'efon, tlM •a bwrl7 rate 11 a pooi-
••tt.ate to u .. Vb• trJina to p~lct 4Hccu1 rainfall (that portton of 
l'eiafall vi.doh appeara a •rfac• naaof t at tile aaatua 1tatlon) by aub• 
tract1tll lnf lltretlon r•t••· lrethaa (6) in a ttudy of Ill*" hourly ••t•• 
and ~tul tocenettle• •U•eover.r a &rut deal of valatt.a f roa tile •• 
heur1y nte. ·Re fouad that OMI" 80 IN'*TC•nt of the preclpltatton fell at 
rate• peatel' than th.• llUO hourly rate,. and O¥er 45 ,.rcont fell at 
rat•• tvf.ce • peat M tlMI _. ~11 rate• for •tor. of 1/2 ta./tar. 
to l ln./la.r • ..- rat••· ror 1torsu of over l in./br .• .._rate, more 
than 71 percat of d1e •al• feU at rat .. ar•t• tban tu .... hourly 
rate aftd •r• tbM 2t peront tell at rat•• twlc• • an•t u tbe .._ 
hourlf .-ate. Amtbar ob1ervatton fra tbi• 1Wd7 ta (6. p. 30tt): 
••• that • the -.:ruat of rain .falU.q per hour tnc• ...... 
•r• of ttlut S'Atft fall• at pel'••taae t•t•• Oat. are neu the 
100 pene111 awrap l11teattt7 rate. M4 the CNn'8 mre ad 
ere appr~• tlM c·atn of ualfora tnt.-tty. 
ft• wtt bydt'Ofrapb theory vu Hrat develo)*l by i.. I.. Sllenao (3') 
ln 1932 nd l• wt.d•17 · ecc41Pted .. O'Q8 of t.ll• llOllt lllportaot contributions 
to the acS..ace of bJdn.1011. 
The wd.c: b,.Sroarapla ii a b)'Clro&J.'aph of ru•f f fr• • &lftll 
clraloap U.t.a. due •olely tit· tb• '¥OW. of net l'alnf•U 
(prect.pttatton uc•••) ta • •,.elf led unit of tl•· 
'llal• u tta. def lnitf.oe of • ual.t hJ'drosrapb bf ..__ • quoted bJ 
lanMNJ (1, p. 40). Ho •ntton f.• made of eay partieula wlume of nanoH. 
._.._ .. ,today a •1tptt1 diff•rent comiotation u alven to tlw urauau 
h)'droaraph. 
'1le· •tt bJ'l'Ograph 1• 4ef lMd • • bydropapb of ualt wl-. 
(pneraUy oae inch) ol eurface waof f that i• pl'Oduce4. by a uaifoml7 
di•tl.'i1M.lte4 -4 uniform tnteuitr etoN of a apectfted durat;:ion (31, 13, 
23) • the uu of an 111Cb of volume lo tbc uatt graph w• suaae•ted. a 
e&1t11 u 1936 (21). Thi• t• th• 4eflnitlcm that will be u.ed 1A tbLa 
•tudy. 
Sherma (36, p. 514) set• forth 80M ot unu~ b)'drograpb aaaW11pU.ou 
u fol.lows: 
b, ttw.~, fs:-ora • atvea bMtn. the ob••lrffd h'4rop&pb of 
nnoft' Ckle to • 1:twn period of ratnfaU reflect• 
all the cMbined pbyatcal cbaractertatla• of the 
d~ataase b88ln, loclwH.oa !.nfiltra,lon, INl'f•• """ 
terattoil and •torap. 
c. fte ordin&t•• of • W\lt h.)'dropapb ea proporttoul 
to tho toe.al wluma of aui:face runoff h• -.ch unit 
time ra1a, lttetpectl• of the 811Qunt or 4•ptll of 
web uatt rainfall•. 
4. n. baa tlM of tile bJdr...-pll or au.-face l'llftOff, 
due to a effective raia to • ate of tt.,. i• Pl"M• 
tl.caUy coueant. 
e. 'A• df.•trlbuetoa of l'WOff, repn-.ted by the 1'4tlo• 
of volume of nno!f durtna a ,art:twtu uult of tt.. 
to tt. total runoff. 1• a ooutlAt for all unlt b,.Sro• 
ar•,U of runoff clert:1*f, l•oa ~· .._ N.eln. Tld.e 
holde trve foi all etomt a the •to, vtthout repd 
to :their lntene1ty.. 'Ebe•• ,.s:-HUtapa npreHnt vbat 
u calltid tb dl•td.butlcm sraph. 
f. 1'lle COllPl•t• bydropaph of mnoff 4• to • •ton ta 
COl!lpded of th• s.-.tlon of • ffl'le• of unl.t ar4Ph•• 
_. 1'9Pl'•MOtiq dl• 41•trtbuted naoff due to a rate 
o! ratafaU for • ualt t1-. The propowtioulity of 
onliiu.te• (c) doe• not hold for the h,Cropapb COlllfPO•ed 
of a ••rt•• of ualt arapha. 
7 
Put .; cannot be entirely true al.nee from tbe e ractcti· of l'eeeuion 
cunff lt 1• wideat daat tlae duracloo of dae r •••i n curve t.a • fuoc• 
ti.on of peak flov. Ltutey (25) fouad that 1 ao. cuee lt vaa 
ce1181')' to def lue tbe rtatca U.aab. time 
t unit bJdroaraph •thod ad tlum detel'lline tbe nceaelon by •ana of • 
etr .. flov recuaton cune. lt appear• that the ••umpt1oaa of a flxed 
•• tillll (part d) and of ordinates proportlooal to t:i.anof f volume (part• 
c a f) are .Secaut• fttt e tneed.na rPo ... tn ••t 1utancea (27. p. 
196). 
Aemm ('4) ret'luced tile quatltatl.ve e'll090& of rat1afa1l lo •• 
pooctege and ruaoff to a rely hydra&Jlic probt .. on a bJPOth -tlcal water• 
abed and. confirmed che propor tonality of ordlaatea in the UDlt 
hydrog:raph. !bit •• for the parUeul.- eaH tn wilt.ell the aeleec.d tS..-
ualt (wait •tc:ma ui-aUo ) v.. lff• than the ti.• of conce tr&tlo [ ta.. 
time required for a artlcle of water frOll tb• moat bydreul1cal1y re110t• 
part of the •hl'•bed to tuela tb9 oqtlet (24)] . 
ltdaell (31, p. 14) aU911&1'1&•• tb u1e of tbe 1anlt 11'.,a. for •Jll• 
tlautalaa eto111 bJdroar.,U • foUowa: 
TMr• bu beeD dewloped rtaoroua theory by vllldl tlM nit 
hJdroarapb r-elettonahl.p •1 be proven. However, th• "eult• 
vbtcb .,...,. betm btataed b7 a judtctoue .appltcatloG of die 
nlattonahip bave been eo predoal~t•l1 ••ttef~tory tl'&at 
then cc be ovbt tluat it 1• i.ndud, •a tool of very 
couidttabl• wlue for reaolvtaa to 110M dtent tlae C011Pl•x 
relattona of ralllfall ad runoff aacl for .nanctoa tlM 
ecl•nc• of h)'drology' . 
rater (4) comenta at tbe untt bydrograpla l• the ••t uHful tool 
available for the purpoM f c: rttna • quantity of water • ••• raio-
8 
l l•ttd the f0Uovtn1 u advantape of the uu h,.Sropepll: 
1. fendt• enatneer to pn4J.ct eatin bJdroara,b of runoff 
.. well u die put l'ate. 
2. hU 118)' be d•tel'lld.md for _, dutnct t:C- interval. 
s. qwmttel•• tnvolwd ta computation by tld.• •tbod bcft. 
pb7•1c•l COa48ptlOU wilt.eh ere flidlln' IO th& eaatneer 
vtcb ao vquely d•tiaed coutat•. 
ill• ue of the unit la)'drograpk, ....._l', 1• M11'ject to di.fltc111tt••· 
Boyt ad othe•• (21. p. 131, Ut) point out •ome of tile probl ..... oci• 
•ted wltb the Qftit b)'tlrop:aph. There l• a l•k et a7 clellalt• •titod of 
bu• flow ..,_.ticm.. lae have egpraetld doubt • to tbe l'ellablU.ty of 
appl7taa unlt ,....... .. from .. 11 •tre• flOQ ·to flooel flow, however, 
vttbtn prfaetiaal U.alt• tile theory ..... •UO'flllY Hppc>rt.i hy __, 
b)'drologbta. Tbe di.fference Sa •tr._ veloclti• With •t• would cm•• 
•o. que1tlon •• to the ••U.4lty ot dlreoc proporctoa of ordlute•. we 
vi.thin pruttcal ltidu till• altJO • .._ to c.aM U.t.tl• eft'OI'. 
A cou14el'a1>1e ..,..t of U.teratliln t• wttt•n Oil p.-oclduna ud 
crlted.a to u" for ••lecttQa ••• for th• p.-e,.atlon of a unit hydro• 
ar•ph -4/rn the df.•trtbutin paph. Ben.ad (3, p. 350) •.....-!Md tu 
proli>l• of data ntectloo .. !otlowlt 
It ta difflcvlt to ••lect frOll tu ret..datl neon, ••to.-
of tile C1" wblQ wt.11 produce a bydropaph •t.ted to the 
coutructt.oa of the 41•trlbutf.on P'•pb of tbe wacerlbd. 
!be CMk requU.• boland1••• patieae• ,Ud tile appllcatln of 
WIUh&l G&l"e aNI Juda-at.. Upon tf.~at •tteilPt OM ta COO-
YlDCed that .. , l'HLllt - be obta1"*1. A •ton.I ped.od to 
produce 'tb.e dt•ntbutton gr.,ai of the water81M4 ••t ·haw 
tb• toUowtna cbaraotertatic•. 
1. Tbe rat.a ••C have fall.ea vtthla the reeordlq ti.• 
interval. or ch• tt. uQUt u tbe daJ (or hour); 
2. the etorm muat Uv8 1»eea wll dtttJtS.lNted over tile 
vat•r•hed 1 •11 •t•tlou •b.owlog an .,,net.able deptk 
of r•f.llfa11; 
J. The ruAOff followf.q the •tom ••t ha'M. been untn• 
corsupted . , tll• effect• of low t_,,..ratuce and 
uuceoarpaol41d _, •ltt.q •now ad tee; and 
4, th• •tota pet'S.od met oc:cqpy • place of cOlfl>&l"aUve 
t.olatloa ln tbe record. 'IC abould follow • period 
of low atn• flow, Md there should be no further 
1'ainfall untU the floo4 peak ta ftU paa•ed. 
Irater ue.e4 the foUowtq ultvl• (S. p. Utt).; ~'The •tboel vu to 
.. iect lNlat.ed. cleaa•cut aUl'face nuaoff arapb• lMt occuned at • tt• 
of low flow. " \'IUI audaor later •t•t•• tldlt tira the -.leclp plMd 
fl'Oll tilt.• work be would Jl'oNbl)' ••leot unlt. •to,... fro.a ralaf•U record• 
by Ml•ctiQ& tntuae uolated rau.. the 4uratloa of Wblcla •• l••• tlwan 
the IMll'locl of c-1.M l.adtc;atM 1>1 th• area w uture of ·ti. vateral\d. 
Acc:ordtna to Llaeley •S ·~· (27, p. 198) the unlt bJdroll'llPb ta be•t 
d•rlftd Cto11 th h)'41rosrapb of a •tona of •....Ul7 uaUom lat•aatty, 
duraU.oa of de•tred leogtb,. .- • ...-ff wl.,_ .u Ol' puter c:Ua. 1 .. 0 
tnch. 
lrobabl' tile blaae•t reetrlctlcm on any of tlMI .above criterion i• 
th• avaUab11lty of tbe ••••_,data. rw coo:ctm.aou• •tr•• !low 
l'ecO~d• end approprtace rall'lfall. dat• for amall vateraheda •T• •vallable. 
A large ~ of dtf fereat unit: b;rclroar•h• cu be obta1..S for • 
•lqle watel'alaed dape..Slaa upoa tlle duraaton and atom •...-at even. if 
tile l'•lnf•U wre un.tfona. Several opt.1d,099, bued oo the Ju4p111at of a 
particular trwe•ttptor • •• propoMd for datena1ntoa tbe appropd.ate 
unit •tom leqtb. 
t'be loll Coftlervatlon .. ntc• (BCS) auue•t• tbe foJ.1-l"I r•l•tl"• 
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• lp between the ti.• of C011.Ceatrat10 he) aacl th it atona duratto 
(D) (40, • 3.21-4): 
tc p 
(hn) (bra) 




••o tc. l• ..... t•r than 6 hra. tlMt l• atll of tb• deatp 
•ton U ioc........S aad tk• D ebould nmia not loapr 
ttaaD ona•fiftll of tbe tc• !l!t• tlaat tlle aborter tbe D, 
sM ntts w !99!•tt• laz!ToM!el! &• d.,, ... 
!ha Co-. of lqinMl'a .topttld • 4lffenat au.lard (41). TMJ 
loud dMlt val\IN equal to alMNt ooa•laaH ot die laa (tL in rs.a. l) 
..... c1 to be aatt•f•to17 fc cll"al ........ lu• t1aa apprex!Mt•lJ 100 
"uar• all••· ao.ever., tM volt·r•lnfall dur•tt.cm "lecit-4 for a uat.t 
ll,.troarepb .taould not ucMd dMa pvt.od &turiaa 11blcll U.. dulp eton 
r•lllfall i• •--4 to be .,,roxtatel7 uatf ora 111 iatemlt)' '" wriou 
porttou of die drain.a .. _.. ualer •Cl.tdJ. 
Vleler ..S l'rater (45) U9ed a erlt•rioo INMe4 oo •ter ..... •la•. 
fOI' .. u uter.m.4• (4 aon• to 10 .., •• .tlee), uait bJdroarapba 
nault fro. ebol't latuu •tor. wboH cturatt.on ta l.M• tbao tlae period 
f ~tM.- (45• p. 290) • 
... at.) the duration of a unit •ton elaould be l••• tbao tbe period of 
mre tban half • loq (45, P• 309). 
lUtcMU (ll) bu found tbat the u .. 1 4uratt.on of a etona 1a that 
duration vblcb l• llNt coaweaieot for u .. OD a partlculu buta. Thll 
u 
of wblc. 
i• atu, varl .. wt.th water~•· ID •Mr&l tbt.• ldeal cfurattoo 9bol.al 
t 20 re t of tile tf.• 1atenal betwe tile occvn of• 
•to of tile occurrence of the corr•• 
peak 1• rp. The it hy roaraph .. , ., lied to •1 atom 
rt.od vithl SO perc• to 200 pel"Ctm o tile gtwn dlttatt a efor• -, 
correctl for bi• ef ect •111 
tinale7 et!\• (27. p. 195) relate 
theoretically ceaeuy for eadl atora ratio 1 llwewr, tbe effect of 
.. 11 dtf fereoc.. 1 duratf.o ta n.ot larp. A tol•r of ± 2.5 ,.re t 
fr tlMI e•tablla uratl ls 1aarlly acceptable. Also a lt 
h,.Sr ar• f • •to of ebort cluratl c be uMd to d.nelop ualt 
Jdr ar to~ •tol'U of 1 r ratl [ ill tl'ated. to 1•1•7 et al. 
(27, PP• 200•203) 35-45)]. 
A"81'... Ol' id.cal it 
aterelaed about M devel pecl 
aria ' 1 dut u~att of Marfaee naaotf r 
ral fall dlatr1butl • lfterenc• tn •to1'1a patlut and 11tble lnf 1\Ulnce 
lee (38). .,._..,,.r, tlua eMCt procedure for nelo l 
tbe COlllPO 
Lt.naley et al. 26, • 446) rec:o.end awrag1 • 
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puk flow and U.1111• to pea of eaver•l •lt papll•. Tile average unlt 
arapb ... tllet:a ••tohecl to confona to ti. ..,. of tb4 otfMtr sr.,U, , .... 
tng throup the.,...,. awrap pqk• ad having• vol.a of l la. 
IUtcllell (31) obtalned tlae c~lte uatt hydft11raph or a dtatrlbu• 
t.1oa papb by _,107tn1 tile foUowina cd.tutou. ft• 11l41vtdwal dtetcf.• 
button p.,U for• stw11 vat.•rabed WI'• plouecl toptber atUI •tched to 
• poattton of beat fit. Tile ave.rap of udl orilaate vu cotlf.ated to 
ol>t•t.n die averep di•tr11Ntion p.,aa. Tile poetU.oa of beat ltt vu 
ctaflaed by tbe tol1owl111 •1-ca Un Ol"4er of illlfOrtaac•)i 0) 11Ui ... 
ont.nate, .( 2) the tt.e of 040ll'l'•Dce of pnciplt.etlcm ..... • (3) the 
aacenidial ti.alb of tbe araph. aD4 (4) the ••••••Hna litlb of th• grapla. 
Aoothtt cecbrdCl\M U that fllll>loyed bJ Irater (J) 1 wliO d.,,.lopd tbe 
coapoa1te clt•trtbution p.,at by wperf,aifoaf.q eU tile· cU.atrlbutf.on ..,.,.. 
for ucb •tr .. ae aearly u poMl1>1e cm oa.e ~tiler. The COllPO•it• 
ar"Pb aeleoted va eltbel!' .on.. ol the tnd1vt4u•1 paph• t:Ut .,PM"d to 
be r•P11t•e11tattw of the .-r••• n • .,,..._. papb clnwft tbi-ouab the 
clutter fl"Oll tllbtcb ,.rc••taae• •• COllPUtM. 
Jobaaon (22) foUOIWM tile proced91'• ncown4tld by Uuley !t •!· 
(26 ..S 27). Cra7 (1)) uHd et.tbel' MttcbeU •• (31) OI' t1ule7 IS •&· (26 
ad 27) d.,...Staa upo tlM diacrepancy of tb• hutc dat• Md bow cu 
tnclt•ldual papist plotted topdaer. The ct. of occ:&&rnoc• -4 tll• ..... 
oitvd• of tbe pe9k clinbarpa vve CQl'\1t4er .. y Gray• the ••t 
important taetor•. 
A •JDthetto untt hfdroll'aph •Y N denftd by •tbod• Mt f ol'th by 
Mvel'&l lnveat;lptor•. lac:h •tllod 8111ploJ• dlfferanli tecbtd.quee to de• 
ftne tbe perttnant waterebed cbal'&etwl•tlc•. ~ ..,.t .....,,, wUl '8 
placed on thou v•ecl 1n tbi• •tlldy. All of tta. ..,...tlol• ue, eb•npd tn 
tile equatlone to eoafon to dloM lU.t1•trat.S ta rtg. 1 .. 
Sa!.•r 
lo 1938, r. r. ftJd• (38) developed •qU4lUona relattna vaterabecl 
cbuutei-l•ti.c-• to the unlt papb el ... at•. ~er ua.l drataqe ••• 
of 10 to io.ooo •4· Iii. located tu tile Al>P4i1Mlaian B1jal.Mrl•. ror • tt. 
lnc11 .. nt of ti/S.5 u a ctvrattoo of exc ... raiafall tlMt fol.lowlq rela-
c.tonald.p• were 4nelopedt 
vllerec 





Loa • leqtlt of the uf.11 1tru. fr• tl:Ma Pllaa •t•tioa to tbe poillt 
••••& the Me• ceoter of tlM ar•• la .S.1•• 
L • lnatll of tb.e •ln 1tr.. lG till• 
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c, • coeffl.cf.ent ranatua froa 0.56 to o.61 
«Ip • peak 4l#Cba p ot ult papb lo cf•/114.. Id.. 
ta• kH t.w of •it papb ta 4ay1· 
Qp • ,-ak c11....-p of uralt p-apt& to cC• 
A • .... of atei'1be4 in ..-.. m.. 
U tb• duratt.oa of •xc•• rainfall u not .-aMl co t.1/5. S • then the 
lq tt. ab«tld 1>e •Juat-1 by the e41Ut101lC 
tg = aclju•ted lag H.• ln Jaqur• 
ti..• ort.alal 1•1 ct.. 1n houl'• 
D • dur•tt.on of ..... .-ala.fall ln bour• 
tr • durau.oa of •••• t"&i.ntaU e4U&l to t 1/S.5 tn houn • 
(le) 
. ,.. pert- ot l'Ue (Pa) 94ual1 Oft4l•half the dur•tl• ·of ._.., raiafcll 
plu• tile 1.q tt., 
•• tt Pa• q, aa1<1 c1 •• ~· ctae ""'"•• .-. "••tc1a.- to 
•uch a ••1 Chat tb• •r• \Hader the eul'\fe u -.•l to ou tnc:ll of nmoft 
fOT tb9 ftt•r•bed~ ft• Gorp• of logLGMI'• (41) baw 44twloped cunu to 
r•l•t• the width of tlM uatc papb ta hour• Vltb dl•charp val•• at SO 
percnt and 7$ per<=••t of tip isa of•/•4· mt. 
A,e¢ol'dlng to fh•Jd•r ors. p. 447) .• *'the •iq• 01' C, .... ,......,. tM c•ntn 
of .... of ra1nfall to tbe ,.a of tbe wooti i·• tu prtMtpel clraioap 
MIS.a cb#.cterl.ettc uH4 la der.tvlq tu •,atlulttc Uftit arapha. 0 Thu 
valu• u fatrly coutut for a al•• draiuap ana, Md ~ lt l• • 
lllportat facror upoo whtdl to baH pradlcU.cm equatlona. & re1Ub1• 
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prediction of • fl 
lq ti.. es.nee tile peak dl•daarp ta tavereel7 pro rtloul to tbi• 
value. 
Ana, ebape of lauta, tofOP'epbJ. c:IMaaael 1lopq, •trw d••lty aocl 
ebaanel •tor.,. u. factor• tbat affect tbe tmlt P'aph .up.. loJd•r 
tried to allow for tbe ...._aaurable factor• bJ tke uae of coeff lolente 
(Ct ad Cp). I. &. Ltul.,. (25) UMd 81\)'du'• equatJ.ou for vatereia.da 
OQ tile WUteftl llopea Of tbt terra tfevacla Mountaf.U ill Celtfona1a. lll 
tbl• atud7 Ltatley olatatlllld dtffueot valu .. f r tb• cOIMltaata Ct aad C,• 
~l)', Ct • 0.70 to 1.0 -4 C, • 0.3.S to 0 • .50. Saow cowr WM tavolwcl 
o tlM gpper elope& but lt ... felt tlaat tr vu la .. 11 ooa-COGtrtbutlna. 
Unal., •! el. (27, p. 206) tocU.eace that dMa be8t vay to ..,101 s Jd•'• 
~tlor:aa l• to obtato valUie• for Ct &ad C, for •tal.lar vaterahed1 in the 
•- 1ocaU.tJ .. tbe o• beina •tudled Md uae th ... for pr•Hctlou. 
loll ~natf.oa halt! 
'l'll• IC8 (40) w aveloped • aver... 41-allollleu la7droll'apla baaed 
0 • l•ae number of tural wdt llydrograpaa. for drat...,. .... ranatna 
boa a tw acne to ...-ral buadrecl ..._.. at.tu. !bey •1.o e11Ploy tbe 
u .. of a tr1...,1ar uaf.t arapb vblch ta defined 1>7 t!Mt ,.rlod of rlH, 
'a· ,.u dlacbar .. , Q , and t.la• ..,... ti., ca. ft•M values are obtalned 
by the followlfta ralatlonahl,.: 
Q • 484 •• ,,. (2a) 
Pa • D/Z + 0.6 tc (2b) 
16 
where; 
Qr• unit graph gult 41.e'tuw• in cf• 
A • era :ha eq. Id. 
V • volu.of runoff (one f.nch for utt graph) 
Pa • period of l'1H tn how:-a 
8 • unit •tO'ftl per1Gd uaed 
ti. • J.aa tt. t.n hour• 
t 0 • t1• o.f conce tratt.011 (Appendix C). 
(2c) 
TM pea dheba1:p i• l'IW•l"Mly poportiotUll to tlM length of period 
of rtae. The predtot1on of tht• value areatly affect• the r..ultlna 
•tora hydroar•· 
GNy (13 Md 1$) la lat• NMVeb PtlCi 42 watenbeda 1'-Sint la •lae 
fl'Oll 0.23 to 33 aq. m.. la UM. tu vatft1btde Wt• located ta lllf..aol•• 
tow, IU•aoftt. Bebruu. Obto ad Vtecomita. TM dnived nlatioaal\lp• 
tapply onl1 to tile pograplatcal loeaU.ou t.mrolva4. 
A 41•m10M1 .. 11•1• approach•• c:rtecl whf.cb prowd nlatlvel7 
utuccee1ful. TM a&tbor theG ehecb4 tla• vat.bl• inolved to •• 
nub wn dependat Md atdi wre tnd•,.,.S1111t. '11M follonq relattcm-
at,. wre found to .,. •lgn1f tout .. tll•rdon llllOt tn4•1*td•ti 
(Ja) 
Lea • 0 • .54 1.0.96 (Jlt) 







tL • • ·a 
A • area of rat.nap hutn la eq. at. 
Lea • leaath of Mi• •tr._ to the enter of u .. t.n m. 
L • land alo~ in ft./ft. 
61 • al f firat r4eT atr .... ln ft./ft. 
tL • 1aa s.. t atn. 
• period of rt• 10 aio. 
(3c) 
(34) 
rr th• relatl tp of ·tke period of riae the laa ct.a Ora1 eon• 
el ed that the rtod of rt•• could be uaed to l'eplac• • 1.. ti• u a 
p•-t•r. 1• would bol tNe for \Pllfo-17• l•trl'butecl, abort ration, 
tnteult7 etorme occurrf.Da owr .. 11 vatel'abeda. 
'l'be proceclur• dewloped to pndtct a npreaeAtattw it p-.pi 
l :volvu o taint the length of the Mla etre• ed it• •lop.a froa upa 
or W"9Y• of tlae waterabed. "'-" alue1 ace dln -.101..t in equatf.ou 
for a parttc lar po.,: teal a1'M aod are vnd ln tb• two ,_ .. tar 
... dt•trl tion whtdl d•etcl'1Ne dMt i•ti-ibuttoQ araph coordinate•. 
'l'be dlatrl'bution P' · ta tbetl COC1Wrted to a vnlt p-apb. 'l'lae oec••••Y 
4HlWltlo are: 
ly' • x(L/ (8c> (3e) 
•afv' • 1/ (2. 676/ + 0.0139) (3f) 
ca - 1 + v• 
Pa • ,. .. ...,. of rtH ta llf.n. 
L • hmatb of •in •tt•• tn 9l. 
10 • •lope of tbe .. 10 etr ... tu perc.at 
x, a • valu• dependent upon a-arapbical location 
Q(t/Pa) • perc• t fla11 et ...., vel• of t/Pa 
r- - functf. • 
(la) 
(31a) 
TM UN of • two ,. ... tu .... function d•f f.11Q the di•trilutto arapla 
at all pol.at•. 
A 41-utonl .. e ara,b. called ntbe ket.c hJdropapb" vea dneloped 
by Cciaa1?1M (8) i 1942 free• •tlld7 of .. Jor flood la)'dropeplae of lar• 
vatet'alMcl• in Tesu. TM df.Mutoal ... p-aplt bu a .... of 100 ult• of 
d.•. • paak of 60 unit• of flow Md a volt191 of 1, 196.5 equare wd.te. 
To obtain val•• for the dt..uionl... arapb. tlae vow.a of ruDOff and 
or c011pQted. 
!,lcr!s!ke l'fa!l 94 bff!tlX 
IH.ckok et •\· (16), i 1959 • dnelo,.cl a dlwioa1- papb to lie 
uMcl for .. 11. ad.d•laad. terebtida. Tbe .............. 1on1••• ar• 
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u 4ewloped f •tvdt.. of 14 M dhed• ir-at 1n •1" froa 11 to 
tlee 1 canal froa t catrot of • U.llltM block of 
tat•ue rata.tal l to t naulti.ng peak cllecba'p f tlM n,droarapla vu 
defined u the l.. tf.M. two -..at1ou ere 1tven for o tatniaa thl• lat 
tl• vlllch l• QM4. to o t&ln ~ peek 419Cbup. Tbe .. tvo value• 
btaloed fro. lllab9tltuttoo into tbe equatlo08 ..-a th utilised aloaa 
v1th the d1-Glloal•• ar• to obtain • untt .bydrogr.-pb f r tbe ..... 
Hltc:MU (31) ..,107ed tbe un of tlae bat lq ti• (ceotroicl of 
rat.nfall to ntr id of b,.Sroaraph) ad • .-tt. curve. Tvo ...-uou 
..,.s.r•a laa t .... (ceatr l of 
ratoqe but • 
Clark (7) • in 1943, propoNd the ue of flood routiDa proceclur•• to 
obtat a u it hJdroar • Clark (7, p. 1421) nplatna die theoq u fol• 
loins 
••• dd.• paper ... u to ct.ftoe tlMt •tend.natl.oil of tile 
wait bydroar of eul'tac. aad eub8ufac• runoff tn term 
of evo, l••• baei~ factor• • tlae abape of tlae vat•C"Med 
troa which · ff aaat come aod tbe •tol'ap tlar ab wlaich 




T•ylor end Sdwaru (39) d.eftloped • .,_arepb for UM l obtal 1AI 
a vait hJdroarapb. iMhaU (29) clfteloped a Hri .. ol aalttpl• 
conelated arapbe for obc.1n1na MWr&l Pot ta on a uatt arapla wldela la 
then ff. !fib.ad '/ •lmtclalq tM CUWft tbroup tM pointa • Doo.. ( 10) uM 
flood routtaa t•ctud . .- for a .a it hJdrop:apb dev.lo,..at. 
ldllOA ( 11) u.Hd a -~tlcal 4-wl~t of a ult 11,.troarapll vltb 
ta. --.dona tlaat the watt hydropapla •• toa.,.-.. of lftf lltratloo, 
•• •ced•nt flow .- pound atu. A trial Md •nw •tbod of 4nelopiaa 
nlt hJdroarapbe froa lona perlocl atocws b1 Mldaa .,.. of a cU••lonl-
alt bJdroarapb la "t fortb by lnder ud B.ob4tr•• (2). 'l'bell" •tlaocl la 
...,t•bl• to •lutloa by electroalc co.,uce~. 
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The eoarparlaoa ot •yndwatlc •tom 1'J4roll'•plt.• 1• baftd upon data for 
t-bree ater•lled•• fou ratQ..fa11 dw:atlont wt.tll oornaPQDdt•a 1'•lnfa11 tn-
tenas.u.u, and fmar rat.tau p•tteru Mleeted fr• avatlel• clata atMJ 
p•t neeecb work. 
in eht.• •tudy. n. oama, location,. Md pl:a7•tcal cltaactesrl•tlc1 an 
ll•teil ln Ml• 1. 'rite water•bed _,. •• atven f.a f't.p. 2, J ad 4 • 
t - - ~ Jt - - _ if I - J Ii 
·~laig ,.u., Cn•k 
nenTebor, I•• 
Gllal•t Cl"•k 
., palaod, 111. 
luau Creak 
•• os.aon Spriuaa. tu • 
....... 
bi.oatb of Min eci·ea. 
°8lope of Min •ti'••· 
di.eaatta to oatel' of .... 
•• 
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4.4$ 0.981 2.26 
5.72 ().40I 1.21 
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rta. 4. h .. r Creek dr•tuae Mita uur DlJrOA a, .. ,.,, 1111.uou 
wt.th a. •in •t~ (tt<>lf.d Une) ud two fMlbwat•8Mcl ..... <•• u .ae) .,._ 
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of tbe .. uer wtw8becl• in Iowa with available record• wr• uaM l>J 
Qra7 (13) for ta dulwtt-on of a •yotlaettc nit bJdroarapb procedvre. 
!Mr•foft• lt •..-cl Mvlaeble t c:o \aile vat•rMed• that were utUtnd 
to clerl• the ef&UAati • of uf tile •Y theUc •dtod• to be t•ttld. 
or .,.t h,clroloaical purpo ... 'ua&r Creek aterahed would probabl7 
H divided luto three 9U ateralMda or thrH ater--. within tbe J.arpr 
area the flow l°°'ated to tbe aaat. • •tatioQ at th• outlet of the •in 
uterned. The vaterahed vould probablJ be dtv144Wl • foUowe: tbe 
atrUM npreeeotecl by th• dah Uoea ill Fla. 4 would repr .. eat tile Mica 
•tn• tor two uf t1M aubvatenhecl• and th• lla1 au·•• don to tbe f lret 
dub 1 in would be t • main •tl'•• of tb.• tlat-i-d eubwaterltlaed . '.the _.. 
t tll• ... t i• fairly flat the •l'•• to tb• wet 1• coatro Ued by a 
lake. 'l'laerefore, tile flow 1• retarded frora each aectlon eocS dM•• -. 
Arte• of flow evf.de t froa tbeM U"eaa. Tb• outflow bydroaraph bu 
uoot r1atn1 aod falltna U.llba. ao..ver. for tbu •tucly dM water9hed 
u treated u ooe u it. Tebl• 1 ellon tb• ~••ultiQI low value of Lea 
and tl&e relatively ... 11 tGCZ' .... t.a ~b.• leQltla. of tbe Mia •trMa vltb 
the lncruH bl area. 
la inf all 
The eel11etf.on of four repr .. entati..,. ratQfall latenaity pattaraa 
f roa ta.. lnf lnlte a.uaber of comblnatiou vu baaed on put raM.arcb work. 
Borner and Jeu (11) dewloped tb.r .. pattene; the .ad•aacecl, tbe lnter• 
aadtate1 and tbe dela,ed ('la. S). Scblff (32) defined •lx rainfall 
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patteru wblch wen lat•r uaed by Settb and Crabb (37). bowever, the 
tbree patteru develol*l by Borner and Jena (18) are coutdered to occur 
mat frequently. hUf (32) found that tile larpr fHtrceatap of ioter• 
Clediate atorma occurred in the fall encl winter 11011the (October tbru 
.April) and tbe larpr percent•• of edvaace4 •ton9 fell 111 tlut aprtq 
ad •~r motba (May tb:ru 8ept4tllber). '!'be f"rtb pattern veed vu that 
4eveloped by the 8oU CollHrvation Service (40) froa a atuct1 of MGJ 
1ur• of ra111fall recol.'da. The patteru da.eloped by the acs are pr .. -
eoted u dtmeuiODl .. • cunoe•. lacb curve reprue11ta the pattern for a 
aix hour •tona vhtcb would roduce the .uimll l'\lAO!f fol' a &lftD 
geoarapblcal area. The cune for the ldvut, (curw I) Pta. 6, vu uaed 
in tlal• •tudy. rta. alao llluatrat•• the other tllree TaWall patteru 
•• dt .. aatonl••• curve1. 
8lnce the 1111&11 bourly rate 11 not re r .. eatatlve of th• po••ible 
rainfall tnteulttu durlna a atona, Breihan'• (6) atudy vu •ed u • 
criterion for developl tbe raiafall hlatoar-· 'l1le •• b.oul'ly 
tnteaeity vae lvldtlcl into 40 percent of tbe total prectpttattoo at twice 
the llUO boQrl7 rate, • total of 68 pet"c•nt of tb• total preclp1tatton at 
rate• ar••t•r tbao the llMlD inteaalty rat• and 32 percent of ta. total 
preclpitatloa equal to or below tbe -- hourly lnten8lty •• ~ la 
r11. 5. Tht• bnalrdon of tbe -- hourlf iftteult7 Va9 uMCl only for 
the ad'NDCed, intermldlate, aad delayed patterna u tba IC& curve I 
aut011atically re8Crlbed lnteulti .. and pattern. 
Ke.-n b.ourlJ 1 t•Galtlu for a SO ,.ar recurrence interval •tora for 
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om::;_~----;""*"~~-='T-~~:;::-L:::~~-r11:-~~..,..i.,...~--o.4 o.6 0.0 1. 
RATIO : ACCUMULATIVE TIME 
TOTAL TIME 
.-ttem.a (42).. 1'ba ••1•• .,.,nHDt: • 44 ,._ .,,.rap for we •-.:ttc:-a. 
The .... ... r•t.nfall cune• wen Qed for •11 tb>r• vatenbecl• und tn 
tile •twlJ la ordu ta bolct ttt.. prectpttatlon f.ct:or coutant. 
ft• «.otal •tON cb.tr•tton •• .._wtvlded lato •'t aeon •r•tiou 
vht.ob .... i ... U.. one•fOUl"tb the pel'iod of •1". tile aubdtvt.•ton llato 
ualt ator• period wu -se • toll.-: 
Total •cora 
4U1'lll1U (Da) ..... 


















-11 plo~ ed vltb lnfUtro.ter•• .....,,. .. • tbe .,,u.catloa of Wtl• 
tl'attoo aaa1,.1e to lupr .... vlth varied eou •ad CO'ftlt condttlOM i• 
aor• dtfft.evlt. tla4I 8C8 (40) llPProch•• dw probl• dl'fOQtlh • nl t-4 
cune number wldcb t• 4epeacleoc upoo die pe•c•nt of tile area la dUfereot 
typu of wae•tlon1 t:lll•p pnctlce• 1 aoll t.ne•• .a tile ant•ced•nt 
pHCipl.tatioo. Yeiou. en-• of t.adn •daod• ••ala ·UM4 (9.). 
la ord• to •llAlaate toft.ltratloa • a vad.al>le, • coutaat l'at• of 
0.10 tu .. /b-r. wu v.aed. 'Ihle wuld .. .._ tbat tbe aoU •• wt prt.or to 
ttae at.wn 11PPlted atona. lt u unU.uly tlMlt a Mturated coadtcton and • 
50 yea •tona vouW occur •imlt..ou•t7. .._... .. , 1-t l• ~ tlae 
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ecope f t 1• atwly t: l lud• infU ratl u a varlal>la. 
Tbe data 1M1Ce•aary for tbe c:tev.lopment I the nlt hydroarapb• ~· 
obtaiMd iza tb-e foUowiq l'. or the lU.iaot• wat•r*-da (G1alet 
er .. & Supr CrMk). th• et:ap•t cul."Ma •r• Ml~ted 7 dM aut or 
frc. ten y.ara f l'ec:ord• a tla• Utltt ltatq C.Oloftcal Surwy tetrict 
oftid at CMl!patp, Illtaol•. fiw of the lapat t.olat •tonl witla 
relatively .-ooth uc n.di au.d deaeemli U.flb• vet'e cboM for each 
vatereb.ecl. A reproductio of t ••lected atorm9 ad th• approprlat.e 
atap ducbarp t 1•• wre later fonrarded to tbe wthor. 8-plu of 
the d&ta obtai'Oed ue a Olllll 1 Appoo.dix a. 1'01.' prtna Valle7 Creek 
Vaterabed tbe uipirlcal n.tt Jdroaraph u developed fro. etpt atomt by 
Cray (14) fu l tbe r uf.red bfomatloa.. tlae United Btata 
C.oloatcal urveJ ater Suppl7 .,.ra (44) vne the aout:e• of tnformatton 
on the locatloa, area, and pp de rlpti u f r all three water• '" 
tta. 1 tb• e:ad •lope• f the main •tre- for the two 11 ltoou water• 
•hed• were deteralaed fr t•t•• Geoloaica1 ney 
t.opoarapht.c -.•, Ue the l•ftlth •lo of tile Min •tt·•• for 
pri Yall91 Cr'M aterah9d wre report..S by Cl:'ay (14). 
The u•• of aar Creek Vater u one "nit Md ,,_,.taa ef ecu 
upon the e)'DtheUc: lt b araptaa clet"iv.d for: the ..-a. •t 
u unit Jdr grapb puk cU.ac arge f l' gar Creek water-
• • to tlw napa of tbe waterebed (rta. 4) the 1-ath of the •ia 
atl'Mla w• r•latt•ly abor f the a ea. l otheT wo a, lf the v~ter• 
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Med would have been ol>lofta end of tbe •- area. tlM lenath of tile •lo 
1tnea would haw 1*la 1oapr. fte ebortw 1-t of •la et~ de• 
er .... • CIM ,uto4 of d ... tbroutla lquatlou 4a ucl a. Th cOllbinattoa 
of tbe decreMed d. ol d.ae ad the n \atiftlJ lar .. ana Uled l 
lquatt · 2a re•lt• t a blp di"harp. 
the pert of l'Utt 11 lOOS- for 0. ICS le ara,b tba fo .. c• 
...,tr1ca1 it p-apb ( ... t•l• 16). Hovewr. tlae peak dt1cbar .. .t.• 
bS.per for the ICS it arafb tJl.- lo dMa ..,1.-1cal Ullit papla ( ... 
Table 15). ft1• •it atl • wbicb 11 co tr.-, t tbe eual cue. u 
aplal.Md ' tbe .up. ot tbe Jdroarap0 -4 tM NH tt.. tile hH 
tlm of tbe -.1rtcal u11lt artlPh 1• twice u loq M eke b.u• U• for 
the IC8 uo.lt &r9Pla• llN1 a tarp pct of tbe wtu. of tlM _,trlcal 
uait P'apli la O.OrM4 by ta. loaa ncu1f.on cunie atc:la lCMNr• tlMt peak 
clf..._p value ..,_ for tlM eborter period of i-l••· 
hpr Creek Vaterehed cl:Mwaotut1tlc• a... a •11111• effect oa ti.. 
u tt hJdrop-" developed bJ Grq' • •tho4. f'Toa ..,_ttou 3e and lf lt 
.,. Mflft that t.be tdtorter the leagtb of tile •ta atn•• tu tlborter 
the perlod of rl••· the effect on tbe pe.ic clf.•daarp l• not na4U7 
dtec•rnl le McauM of • coaiplalt7 of the equation for th ,.ak dta-
ebar•· 
llJd•'• •chod 1• affecied b1 tiioda tile l•aatla of tu •t.n etr-
aad tlMt l•aatb to tile e•nter of die ...... Slnc• bocb of tlMIM •• aborter 
for u .. 1." Cr• VaterAad. perlod of rll• f che unit bJdroP'apb 1• 
ahort•l' (lquatiou 1• and le). • pMk 1aclaarp U tbft larpr (Iqua• 
t1oaa lb and ld). 
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De •Jllbol• uHd wlaeA refftl'toa to tile •JDtbulHd atOl'll Jl)'droaraplaa 
•r• f.11.u•t:••cecl J.o Ma. 7. ft8 •tora llJdrop..- nn .,.ta.•tM4 bf ch• 
•t.....,.. uatc arapb proctl4un of .Wtna ult •tona hydroll'apb ordlut ... 
Ooodiutu wre dt4alMd •t 6 atnui. 1.Dtavau fn. tta.. watt '-'411'op-aph 
developed by ......... Md&od (Ap ... tx C), 0.•1'• •tbocl (Ap,..af.11 C) 
end dae COl!fHite -.t.rteal unit hJd1l'opapb (Appadis. I). Ille •••• 
r•tnfaU for ttae wd.t atcma tm:..-ca ot 6 atauta• for die 0.5 boQI' _. 
1 ...,, dur•~toa at.._ • ..S 11 ml.mtu for tk• 2 bour tftCI 4 laovl' cturattcm 
•to~ • ..,. tlMm •ltlpUed. bJ ·ta. Ol'flilMlt• of ttae uatt b.Jdroarapb at 
o_......l:f bouT totuval• to o'bta1a tbe bydropapb tor eacb ual.t atoN. 
the --.tf.oa of dlu• O'rdt•t• ta tile Pi'OIMll' tf.• ....-~ 4UOl'lliea 
tbe •JDtbe•hecl •tora hJdt:op-apb ol'df.Utu. at .,,..., laalf•lwAlr. la omr 
to .,... oloaely d•t•Ni• tu utwal peak rate of 4lecb.ar.. aod lt• ct.a 
of ~. Ol'<ll--. at ata ..._,. tali•n•la wre ot.Mllaed la the 
vtctal.ty of tlae ,.a 4df.llftd l>y tH "-lf•llwt' orcllnatt1a. 
'llMa ICI triaoplu ait bJCll'OldPba (40) wn plotted for tlM 6 
18l•b ..S 12 af.wte unit aton pntoda. 1'be aco• r•lofall lor: tile 
unit etora ,..1oc1 vu •lClplied by tile peak ordtue. of dM uolt b)'Clto-
.._,.. to ob••le tbe bJdroarapb for tlae uolt •ton. Ille vnt.t •tON h,.t•o-
11'.,a. •••then plotte4 at dae appropd.•t• ct. 1-.uace. Md •t ewrJ 
laalf•llour tu ol'Cil.aa«•• ven ·..-cl to obtaln tlJe •to•• IQdrosrapll. la 
th• vicf.altJ Gf tM , ...... dladull'p, tM Ol'dlut•• ...... aptll •I I lid 
at 6 m.auc. tncen•l• to ..... cloMlJ cleftae tile peak dlac:IMrp .-d lt• 
l&M of accuneoce. 
rla. 7. ! 11\l.ltratt of •,-01• -..ed l eecl'tbing eke •ton 
,.Sroptlpb a.i a M11Pl• · f • •,atlM•taed etona la,Uroar.,a. 
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DU or DATA OIT-...a1111U 
'!be t•cu••io 1• dlYided tato two put•• OD1 part percaln.ioa to the 
vars.a tou lo tJae •1od ot rU. of ta.. ttJfttbeaiaed •toca llJdroar.apba and 
be NCO ,_t nl•ttna to tbe pen diacbat'p of tu e79tu•tad •ton 
bJClroar • Altbouab dae period of rl .. aod tlM peak dJ.adlarp -. 
depemle t • tU, •rw .. cw atetl•tlo• by tllbtela co.pad.Mu of J'dro• 
P'apU can be Mda. TM -.1rtcal 910tbeataed •to111 hJdropapb valuu 
will be ..... • • baau for COllP&l'ieoa •lace 1.t 1• •...-d tlaat tUH 
v•luu •• .,.t .... 17 oonect for dMt alMG vat.er.aa.d mcl etona. 
lt ab.ould be · pt in 11'1D4 -. dt.Muaataa •luu obtatMd b7 
hJd•r'• •tbod that • ....i drat.nap ... ruaiaa boll 10 to 10,000 
.....-• all• in tbe derl .. loll of bl• etiuat1ou. the tlane waterebede 
uMd ta tlal• •t 1 an all below c:be lOftl' •l .. 1tldt. Joblwola (22) t 
uaina ueaa of froa 10.1 to 101 ..,_. ld.1•• fouad that the peak dl•cbarae 
t tbe unlt ,.Srop-apb l>J lllJ!ll•r'• •thod waa iaMr tlaan dae tlllPirtcal 
unit hJClroP'llpb peak d1ecllu'• for o ly 2 out of tbe 12 wtu.a.da. 
Tlaenfore f.t ..,.. not IUfPd.•l.Da tlaat peak dtaclaap val.- for dua tlar• 
9artatt.ou in tba Period of l.1M 
tbe period f rlH c be a..tMd u • !uootloD of dae aeon ura• 
tt , tlae •tlaod UM4 t obtalo tbe •ton la,.Sroarepla, .ct the •ton 
pattem. rroa ff.p. • 9 md 10 it can be - tiaat c:M pertod of rt .. 
ta nurl7 • llMar fuuctloa of dae eton dvratt tor w r-.. o! data 
obtalmd. TM u.__. ni. ioub.tp bold• for au tlane vatere1M4a UMd. 
fi1. 8. 1.elactou 1p of eke eto111 duratlo11 (Ds) aad tile perlocl of 














































































































































TOTAL STORM DURATION, (D 5 ), hr. 
fl9. 9. bletf.odhip of ttae atora duT•tion (»a> ad tlM pe-rlod of 
rlM (l'aa} tor Ci•l•t knk V.tec.m.4 
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TOTAL STORM DURATION, (Dsl, hr. TOTAL STORM DURATION, (Dsl, hr. 
rt1. 10. lel•tl.uhtp o.f th •t•fll dul'•ition (De) ad the pertod: of 
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TOTAL STORM DURATION, (D 5), hr 
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fte Setenept of tile Hoe• v1tb dae odtMte b. tlleor•tlcallJ "11•1 
co th• uat.t byclropaph pet'f.od of rl•. Tllo wold be cbe ped.od of rl• 
fc • ic bJdnar• clneloped Cl'Ollooe lncb of iaetaot-..ous ••tdall 
.. 41.c ..... .,, Clak (7). Wi•l•r ... k•n• (45. P• 301) •t•t• tbat 
• • • • .ol,.. of r.W•U ...... .., M OOftMl't.0 to 
nnoff l>1 _.. of • •lftll• ..,1tcatt.oa ol Iba dil\\:rtba-
ttoo. U lt'• dlll'•t.f.o i•· oo 1-.- tbu tbe ped.oct of ....... 
ftt.18, •toim td.tk • total duntlon 1•• tba &be ,_, .. of d.M of tll.e 
alt 11,.._opapla fboul4 IMl¥a about the .._ pe1'lod of d.• • tbAa uat.t 
hJdToS"Ph• lf dd.• crJ.t•l'h u U*l, tke ftir,•c two poU.c• • ftp. 8,. 
9, aQd 10 •bould t.e n a horisooc.1 UM -.... tb• 1M1'tod of rUe fol' 
•11 unit P*Pb• U -a•t to 01' P••hl' tbao ne lloul' a ebowA lo tot. 16. 
Dtvtdlftl tu ·total •tom 4uratl.on J.oto .a.rt•r ult •to.,. ..S appl.Jt.111 
dl• unlt bfdrop-aplt to ..,_ •it •tnM ..... da• t'MUltina puf.od ol 
d.•• I• di• 1tc:ma b,.t._...,a. to dt•fer froa the it llJClroarapla pertod 
of d.M. n.aa the •tol9 of OQe•balf -.. dunt.ton ad o.- boar uradon 
faU oa tbe U.• fftlt.el' IMn •tna of e4Wll aptt.ra. w-.1~ !S 11· 
(27. P• US) •iata:l.o that duaoreticaU.7 • volt la,..trop-.,a. t• oec ... _,. 
for 6ICh •tom ...,.auoo. laoweftr •. • t.ol•ruoe oft ·as pe.-cat fl'Otl. clle 
••tuU..._ cfuratlOD I.a or4i1Ml'tl7 .c:ceptabl•,. ~ •cona 11,.S.-oll'apM 
for •lo,_ of dUf•eat duratf.o a.... VU'J'laa .-rlo49 ol -clM a1dlollp 
th vartatlon _, •• be i. ... 
th• •lo,. of die lt. ctaanae• witb tit• •ton pattern. a. elope la• 
en .... vlt tile iouon.aa otdu of •ton pactQ'u ( ... TMla 2)1 
............ tnt•....Siat• .... dela,.cl !OT IPJ."1111 Y•ll•J Cl'•k W•C•r•hed 
aad Gtalet Creek tlatwlll&M. Tbel"• .... to n • c;on1at•t.aot .... .._ for 
abl• 2. Tile nla loubt.p of th• perf.od of d ... (fo) aiad the •to~• 
cluratlon (J>a) wltb tb• •toi-a patt•~ * tu •thod of u tc 
nel pme t 
• ' aiope ey7/JIJ iA all\. 7ii.-• • 
ltetbod 0 !to!! 29tterM -
" it araph IDte'f• 
ts•rtbtd I r 1 9!!1oM!gt !ff !!I fC! M!&at• Rtl•Y!d 
lpriq .. u., Creek 1.rlcal 19.0 22.8 36.0 4 .o 
r•1 21.0 21.S 36.2 47.0 
ca 20.3 23.1 38.1 47. 
SGJder 21.1 23.4 34.S 41.0 
talet CH tric&l 18. 20.J 37.0 49.S 
~·' 22.0 22., 37. 48.5 
ca 22.s 24.2 37.2 41.8 
Stlyder 28.0 ll. 37.2 44.0 
.. r CNek lrtcal •. , 25.0 3'.2 47.2 
Gra1 24. 16.2 1ft.O 42 .. 5 
SCI U.2 2s.o 25.2 ''·' 
•r 26.0 28.7 36.7 41.7 
laowe._er, th• del.,.t pa tei- Mlsataiu tbe at.. •t •lope. Tbu• for the 
.w c:onditlou (lnflltratf.oo, etol'll ac>twnt. etc.) u tncre ... SA die 
etora ratf. vu.la a co.:-r•poa41 uc• .. ra1 fall tncr .... rill c..,. 
u taor..-tal locr .... la. 0.. period of rl•• vblcb l• 11 ..... ta aatun. 
'' 
'1'he period of c:i•• of th• etons: bydropaph v•ri•• wlth the •tom 
patten. !he vartatlon can be_... in T•l>lu '• 4. and .5. TIM. vuiation 
with atom pattertuJ fol' the abo'l't•r dur•tion •tor.a l• 1••• tha f OC' the 
longer atcmaa. The percent t.n.cn .... fl\'011 the ahortnt tf.l tbe longut 
pertod of d.•• fff the U.1f•htNr duractou ar:o.-. i• about 18 perc:eut wbll• 
the .,_rent iucreue for the fou.- haul!' •e,om 1• a.bout 91 perceot. 'l'ht• 
can be 93J)1aine4 by the fact dtat tbe biah•~ tntenait7 unit •to,_. .re 
•llt.fted turt n to the w:tgbt (.W.anced pattem to the delayd patte¥a) ta 
the 1 npr cluratton etonaa. 
In .,,..,., caM hJd•r'• •thod pntU.ct• tao 1oag a pertod of d.ae fol' 
the •tona h.,.tC'opaph and tlae nt t bJC!ro;rapll ( ••• tab l•• S • 4 • ', atad 1 ) • 
The 1"rlod of rt•• fol' t>ot• the •tona bJdl'opagb an4 the untt l\ydi-op:apll 
i• M •ch • S to 4 tl•• tile pc1od of rt•• for tu ,._ e19td.cal 
llJdropo.-. lotb Ck•7• • 411\d me ICS •thod OWT:'"'Pl'.edlct-4 tu ptlrtod ot 
rt.M for GU.let CU.k aid Supr Cr..t ta all caeM. htb alto vad4'1'• 
,...Stcted dl• pfttod of rue fot' Sprtaa 9•U•J' Crftk tn alt c-•· "'-
"*"'°'of rtM for the •11Ptd.cat bJ111ropapb• vu en cluely p1'e4t.eted 
by tb• ICS •tbod for aU tbft• NC•nhed• and ell four •ion 4vr•ttou 
(T-'>1•• 3, 4, aad ,). 
!be pl\Qal -.,. ef the vatertked• 'lffd in Ora,•• •t.uc11 (13. p. t1) 
wn "probablf to.t•••il141'1 Mt:ween ovoid mad. ,._ • .....,_. u !be relation .. 
atp at tile ue• .0 tile leqch to the c:eat•l" of the ••• of tu war.erPed 
vu WMd M • iadu to tlMl •hapti 0,f tlM wat•.ited. WMn tbtt aru of. 
Supr Creek W•c.rahed and Bqwat:toma 3a .,.. 3b are tdedt ch• c:OttpUted 
lenatb to t.be ceotu of tb. _.. l• over twice th•....,.._. 1..aath. ftt• 
S2 
t&ttle 3. VuUtioa ta dl4l atol'• bJdrolt'_. pe.-f.od of d.ff ('al) with 
ta.. •tora patt41rn, •dlod of unit lf'•pll ct.wlo,..nc, arl 
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l• •• wtatio lD the •to.ra hJdt"Opaph period of rU. (Paa) tdtb 
tbe •tont patten. •daotJ of l.JDit &rapll U.lopmnt, aOil 
tota1 ato ration (J>a} tor 01111.et ~ek ~Red 
l'ftiod t rf.M . (Pu) f.a Ida. 
!'otal of film NStll!! 
etor• durattoa tt er• lat•-
<Da> -..io,..c ........ ...Slate 0.1.ayed 
4 H •I 
·' J.' i1'1Ml 6 72 1 72 
G •1 90 96 96 6 
ICI 18 14 .. 71 . ..,... 222 221 2J4 222 
1 bour lrlcal 78 6 ' 84 ... , toe 114 120 1 
ICI '° 102 1 to . .,.. 234 246 252 234 
... lrlcal 1)2 144 102 
Cray 126 1JO 162 132 
114 138 15 120 
·- 258 2 294 270 
4 1lour ... tri.oal 132 * 252 144 
ra1 168 228 * 174 
ICS 1'6 21 252 1 2 
)18 360 390 330 
table 5. Yer ... tl.OA in the •ton hJdroll'apb r-rt.tMI of rlae (fu) with 
die atom '4lttem. •tbod of Wilt papb dewi.,..t. ·anc1 
total •tora chlratiOD (la) fcw 8'aaar Ct-••k V•tenhad 


















· n • r.rt~ of rit.• . <•11)' .... ilia. 
I r . . . • " . .. ft.em HSHIM • ' 
lnttll'• 




























































tor11cat•• tha aa Cr.ek acer• 1• not of the .... .aer«l ebapo .. 
the water.aa.d• UHd ·l>J er.., and rta. 4 ebon that aupr CneJc ta t 
ovold or pear •Mped wltb r••pect ~o dae ou.tlet. Cl'ay (13) •lac nlat•• 
tbe l•natb of the Min •trea. to the clutanel •lope. '!'be •uuhd chAMol 
•lope 1• tvo-tbll'da f the calculat •lope tf Cray•a relationahlp ta 
\&MCI. TIM different -.,., tlae relatively ahort lengtb of •in atre• 
for tbe atse of Wterehedt and the flatt r •lope for the tlVU le atll of 
tta. •in atn• au contribute t tlM df.acrepanc7 betweft the period of 
rl•• for tbe 911Pi~lc•1 unit sr•pb and da9 uatt graph d ... lopect froa 
Cray•• •tbod. 
abtlcl vu di,,lded tnto tbrff au'bwater•hed• ..... tbe flow routed to tu 
outlet .. pnvl°""8ly 11enttoaed. 
~ peak dtaclurr• cao alao be eumlMCI •• • fuaetton of tlM etora 
uratlon, tbe •tbod uffd ti o tel tbe •ton bydroar• , aQd dMt •ton 
pattern. lt abould M bp to lltnd WIMa dlecv••traa t• l*lk dtaellar• 
val~ .. tluat tbe 1Af11tratton.,... .. aUllOd to be • conataat low value (0.1 
1 ./br.). ftel'•for•, th• abaohat• peak df.Mharp val•• are hiab*r tlaao 
would be upecUcl with aa iafUtrattoa curve. llal1ata11 patten baa a 
lli1'0r efftaet on tlM peak cllacharp ('l"iabl•• 6, 7 • and ) • Tbf.• le 
e1pectal17 true for the half•IMM.ar aad one hour duration atorm. ft• per• 
cent i t'•- fro11 the low to tu lalp peak cltacbarp for • al•D •tbod 
"9Ver exceed• S Pft'Cht for thAa ahort•r cluratton etQIW9. ina. .. e u more 
YUiattoo lQ the two laour aad four hot.tr duratf.. et~. Ula two 
'' 
1'61>1• 6. VartatloA la tile ato111 h,Uroaraph peak 4taci.. .. (Qn) with 
•toN .. tt ... •tbod of UB1t ...... fl•W1°"9Qt, Md total 























,_. dtaclaarp (Qn> s.a ofa 
• . i . · , see .et&•!!!! • . 
later• 
MVllDCtld ••U•t• Del_,.. SC8 
j .t - ii' • j 
8030 8070 8020 7910 
7190 7200 1200 7200 
"40 60H B30 5850 
16JO 1630 1630 1630 
,.,, 9510 9460 9220 
8160 970 8910 8820 
7250 1360 7360 7270 
2090 2090 2090 2090 
1090 8430 8310 8.560 
8320 8730 8690 8330 
6920 7160 7120 6940 
2%70 2280 2270 2270 
6140 6470 .f410 1000 
6450 6840 6940 7120 
5890 6240 6190 6140 
U30 1350 2340 23%0 
S7 
181• 1. ariatl io tlae •tora b)'drop..m peak _.,....._. ( witll 
•ton patt•n, •tbod f unit ll'apta clevelo.-at., and total 
•to111 aU.ata (IJa} for Oi•l•t CnO ·~I'.-.. 
to 1 Met of 
•tora anti Upapll 
~.,_., ...,.lopm1Dt vaaud n.tl.,.cl 
A " ' bl 1 . l!l • 
·' bou 
ll'k• 6 30 6590 6540 6 60 
Gr_, 4300 4310 4290 4300 
5020 70 '°'° S030 •Jd• 1260 1270 1260 1260 
1 laour lrical 7420 7710 7520 1450 
Or:•1 Sl90 S430 $400 5'90 
'°'° 6190 6170 100 
1lJd•~ 1620 1630 1 20 1620 
2 a.our lrlcal 6080 6150 6600 6S70 
Gray 5300 '490 5450 JZ70 
set 5600 5830 ,7 0 5670 
QJder 1760 1770 1770 1760 
4 boar 1rlQ1 44'° 4740 4840 '''° 
r•Y 4260 4540 4S90 4560 
4J70 30 4820 
1740 1810 1810 1110 
$8 
Table 8,. V•tatlea ladle at•r• hydrop~ paak di.achna• (Q11) vi.th 
dae atofll patt .. 1'81 •tbod O·f Uftlt &r•ph ... lOpMBt al'Jl4 total 
•tom durattoa (Ila) fer s..- Creell W••••dea 
'lot•l 
•tom du.ratt.on: 















lllplrtcal •. , 







(Qg) to c~• 
.. . . •sm J?.t.t•m I .. 
lntew• · 
iii; ( ' 
M.Uced mid lat• .,.,.,.... acs 
' - ..• 1 l - ,,. t · :ii ' 1 ' lj 
., 
' F .-a LJ 
.5590 5590 SDO, S$90 
4390 4390 4400 4390 
6460 6410 6420 6410 
2460 2460 M60 M60 
1130 1090 1010 7060 
'* S610 5600 5600 
7870 7970 1960 78.SO 
JUO 3170 3110 3160 
7000 1300 1260 6930 
5970 6010 $910 5910 
1720 7tJO 7840 1140 
3440 3460 34$0 '440 
,180 62.50 6360 6090 
5620 5830 '800 ''°° 
6)t0 1160 7100 6980 
3450 35'0 ,,. am 
-.pttoaa (l4 percene and 20 J)Qtoen.t) • tile percaatap tmr•M• r ... f.Md 
below 10 percent. Mt.n.fall patten• oau•ecl ta.. anacut vart.aclon la 
the ,.ak 41-daai:p ef tbe .,.trt.c:•l •tom h)'dl'Gll'apM aad tlMt leaet 
v•rtatto• occ-.rred ln tile hJdl'OF•P"• develope4 t>y ~-·• •thod. 
CrG}''• •thod .- am •thod fell ktwtl.fln the' ot:Mr two: 1c amunt Of 
vartatton. 
No ratnfaU ~ten wu con•1•tent t pvlaa dl• bf.peat ,_a 41•• 
cbatp. The appUc•U.on of t1'e iatel'11&cU.at• peiten i-•nlte tn th• 
hiP.•t ,.. dltcbal'p • grut•r Pot:tlon of th• t•.. ror die four ltour 
cl•r•tf.on •mra tile SC ratnfal 1 patt.-n saw •09 of tu bip•r: peak 4£•• 
chtl'P valu••· V.wy tw of the ht.per dlHlaar&e• wn obtaltM!d wteb tbe 
dol•ye4 patten acJ ao• wn obt&t:ned vttb the edvencd patt•n.. An 
e•w.d or ect\lal ltJflltl'&tlon wrw wuld •lter the ~ ettuattoa 
•lac• cu f lnt untt •tone would lot• • larp porcloo of prectpltatf.on 
to tnlU tr&tlon. The •••• ratnfal1 wO\lld tllll• be l••• for che H.r•c 
unit eco..- atch would tnd to dunae the puk dtacb•rae for tboff 
patteme vtth ttt. bt.p toteuitt• •t t'he f trat part of the •tom. 
!b• abtUe1 of tu vartoua aptbettc •thocl• to pndlct die _,1rt.• 
cal •tora hydrograpb peck di•-cbarp (ueuae4 to b• tlwt true •l•) 1• 
ab.own in Pip. u. 12, 13, ... l4. 8oyd•r'• •tbod CortlUtentty und•I"• 
"tl•ted the P•k cU.echarp ftn •11 •t(>N p•ttel'U and for •ll tltne 
•ter9hllilf•· Tb• raclo of the PMk dtaebu• ffOll Sa,cl•r'• •tlaocl to tile 
,.U d1•claa1• ft"oa the •llpil't.eal bydropapha t-anpd fl'Oa o. t9 :to 0.48 





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































T8l• t. f&r,atlou ta dae •ton b,.Srop9pb ,.a 41.acb.W ... ratio vttb 
•tor. pattero, •tbod of untt P-" dewlopamc. aiad total 

















a ... , 
acs . ..,.. 
·ree dl•--pratlo 
<•m5Pt&slftt .. l!!U 
• , -s . 1 •• . d , •• sum ll*l'D - u 
bbtt• 
....... Mdl•ta Dal.,.. 
1.00 1.00 1.00 
o.to 0,.89 0.90 
0.73 o.1s 0.74 
0.20 o.zo 0.20 
1.00 1.00 l.00 
0.96 o.94 0.94 
0.78 0.77 0.11 
0.23 o.a2 0.22 
1.00 1.00 1.00 
t.03 1.04 1.04 
0 .. 86 o.as o.as 
o.7.1 0.21 0.21 
l.00 1.00 l.00 
1.0J 1.06 1.08 
0.96 0.96 0.97 
o.38 0.36 0 .. 37 

















abl• 10. arlattou t tla• •tora bJdr ar• peU •t•haqe r•tlo 
witb etcma pat en. •tbod of Wilt p develo,_.t, and 




























































































!al>l• 11. ••l•tlom iR tb• •tona bJdroP'.,aa peak i.ac1'arp ratio 
vf.tb •t I'll tten, •tW ot lt ~ c1 ... 1opmwat, .... 
t tal. I'll fluwatt.oo (0,) for ..,. ~- WatereMd 
leak dlacbal'.. ratio 
'fzpt1'ftlciJ!l!&r1&1ll 
To al •tbod f i , •l!!a l!H1r• 
•ton ••tl wal.t araph later• 
<a>s> enlopMDt ........ ..Slate 0.1.,..t ICI 
o.s bour id.cal 1 •. 1.00 1.00 1.00 
r•1 0.7t 0.79 0.71 0.1 
IC8 1.16 1.1' 1.1s 1.15 
0.44 o.44 0.44 0.44 
1 bour ll'lOl 1.00 1.00 1.00 1.00 ... , O.IO o.79 o.19 o.ao 
"' 1.12 1.12 1.13 1.U ..,. .. 0.45 0.45 0.4S .4S 
2 bou ...,trtcal 1.00 1. l.00 1.00 
r111 o.as 0.12 0.82 o. 6 
ICI 1.10 1.09 1.08 1.12 
a,der 0.49 0.41 o. o.so 
4 •trlcal 1.00 1. l. 1.00 
Gray 0.91 0.9l 0.11 o.t2 
• 1.17 t.l, l.12 1.1' 
14•1' 0.60 O.J7 O.S6 O.S6 
71 
tile sea •tbod owr•tt•Uld .... pea dt•cbup for •11 •to• ·pat• 
tema for Sopr Cnt1k V.ter.ated.. fta pHk 4thharp •• alto over-
utt.Mt.ed twice (4 ...,. •tol1' witb the , ....... late •tot11 patt•n and 
td.tb the *1vuoed •to• patten) for Gtmlet OnH. For lprl.n1 ••Ue7 
Creek _. for the tUt of Ctalet Cree11 tb6 8Ca •thod tUld•r••H.ll&td the 
,_. dt.._p.. n. Ta•lo ,,.led il'Otl • lw of 0.7S to • blp of 1 .. 17 
(S'al>l• 9 • 10 • U). 'Iii• .-euo •• ._1 t.o l for a •~ dunttoo .,._ 
tWM J bour• ..S 4 r• lol' dw ••aced ..S t.ot__.i•ta •ton pattern 
for GS.141l er .. a.. Gl'aJ'• •d\od undel'pl'Nlot.ed tn peak dladavp fo't 
au •ton pattel'M en4 1ton 1'ad.ou foe GI.alee Cl'Mk and uau Cl'Hk. 
rcn IPl'"'8 va11., Cnek W.tenbed the PMk clUcbap u oval'atl•te4 for 
•U. fon ..._ dul"&tlo 1tom.. It •lSCt CMal'Utf.Mted tlle :two boor ra• 
tioa •tore for the advaaoed,, lnte.....Siate end 4•1•,.S •ton pa~teru .. 
.._ .. • Cr'•1•• •thod QQderpredtot• -. peak d11c11uae fo~ the aoriw 
dut'&tloo •co~. \'be range of tlM r•cto• •• froa &he low of 0.65 to • 
blp ot 1. (Tale•'• 10 **' 11). 
n.. raoae ol peak dhdmp ratlot (•Jl'tbetlc/•t.rt.oal) I.or tbe 
volt _..._ u aout $ ..... daou for th• •to• hfdro.....,U (!able 
12). !he r-. tor e • watt p.,tl ,.- Mttoa .... froa • law of 0.1 to 
•bf.ab ot l.lt. Iba low l'At'W WR fwoaa tba uot.e b7dl'Oll"apb9 develop-': 
i.1 IGJdft'• •tllod . -cl the ld.abett r•tlo• wre il'Ola tbe unit ar•,U 
4.,,.lopd by the ICS •tllod· llae pu& df.ac:Mqo ratio for tbe alt 
IHPb• developtld by any•• •dlolt ad ·dle SCI ethod ww• eonaui tly 
clOMI' to the c1Ml1:d volue of OM (tab1• 12). lb"'* dUcl:ulr .. r•tlo 
cbaap• vlt etora 4-ratlen for ti. SU •tllo4 -4 laycl•'• •tbod du to 
12 
Table ll. YartaU.ou in the it yd roar • d1acha-r e 1t&tt it at:ona pattftQ1 Mthod f nit srapb 4ftlelopmerlt. and •ton1 
duratio (J>s} 
eak di•charaa rat!! 
Matbod of !•:'itlaettcl!'l?trwn 
Vaterfted it ...... Stora-uration <»s>. bra. 
df!!lOP1!9t . o.i t 2 4 . t I a 
lprlaa V•U•J -..irlc•l 1.00 l.00 1.00 1.00 
Gray o. o. o. o. 
o.1s 0.7S 0.12 .72 
.20 0.20 0.20 0.20 
Gialet Creek ... tl'tctal 1.00 l.00 1.00 1.00 
... ., G.63 0.63 0.6) 0.6S 
0.77 0.77 0.74 0.74 
IQJd•r 0.1 o. 0.18 0.1 
pr •• tr teal 1.00 • 1.00 1. 
ra1 0.11 0.1 0.78 .1 
1.1 1.19 1.u 1.U 
er .3.5 O.lS .» 0.3S 
•tOl'M t twl'M almat•• or dM •ton9 f loapr duratloo (Anendlx C). 
a-..r. tbe eh•• ln tit• unit Jdnarapla du• to c:U dleQp la ta.. waU 
at.on 1-.tb •• t f •ufflcl•t mapitud• to b4t u.Hd f• an,.ter'• 
•tbod (Te.bl• 15 16) • 
A atora ratl 
13 
for Gltllet Creek anA for lprtoa v.11., Cr•k fllatl• the af.tlul •tom 
dtaatioll fO'f lopr Cr•k _. Mtwet\ om 1\our w r.vo· ....-. t leqtla 
(l'lp. is. lt aad 17) wltll tile pven •to-.. d t.af&ltrat!OQ u-.ts.ou. 
The dlff..,_. ill *"*· 'betwffh Giltl•t Crnk and Sprtna faller Gr-" of 
DWI" c..wo ..... •U•• W l'«tlta dfeetl o• th• eritlMl •*°1114tal'atlon. 
Altboup Suaar c..k wate••W u tlM 1••~ 0£ tile tbne ad die crltt.• 
•l •tcma dlll'•Ct.OG appear• to be lorapr • lt. l• ••flt.cult to fl•tenltM 
••r it Willet M due to tat. tacl'UH4 •la• or --. ~ wu.-tlhtd 
daftaotnPt1c eub. u • ....,.. 
Aa lofllV*tf.oD aune. utbel' a.• coatut iafiltl'•Ctoft r•t• • 
u..S would t....S to tacnaH dae oltlc•l •tol'll chlw•C1iol\ lb.Id • ._.... tlae 
c:onupoailt.•a ,... dl-1lup. ,___ (12) _. Grq (14)' •twlled dMH 
factor• u .,,u..s to lprt.oa 9•1191 Gnak. A SO ,._ ncunmace l•t•rvel 
11ora ( iwa etc, uta). cu Its ratn&ll 4t•tJtS.lNtt• cwrw a (rt.a. 6). 
_. tlM ICI proce4uM to~ 4•tawainlaa .-... nlrafell vu uaea ta tile 
•eulf. tu uc•• ~atof•U or noofl ~ upoa IM •ll ''"• l_. .-
ad -•••at. _, tit• •~t •l•tun eondltt.cm.. lt vu ...._.. 
tMt o.s.t.s ta. .... f•11• f.Q • pncediq, .,... ,.,._ uMcl. uit 
b)'drolPPb deftloped "'sea pt'DO: ..... wllll• a.a, ••t.t.r •ll&btly fl'Oll 
tbi• proc.SU~• ( _ __, faCt). 
,....._ (12) •f...S • •f.U.eal •coa duration of 3.15 boul'• ad• 
o~tna ,.u dtMbup ot 282' cf•. Or-, (14) load ti. ••I.ti.Ml 
•ton duratf.oa to h 4.08 hou• vt.th • P4td df.lcb•p of UJO of•. a.a 
f~'• ud Or.,•a W.lve• n• c-..red vttb ·the •tit.w'•it .. Ol'ltJ.cal 
durat:toa ... lncr•-- 3U ,.mat _. 408 perce11t n•.-ctwly Md the 
Pl&• U. R•l•tlon9&\ip of the tttOl'Sft hJ4rogoph pNk diecJuarp (Qn) 
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TOTAL STORM DURATION, (05 ), hr. 
rta. 16. a.1aU.O•hlp of dla atcma hJClni.papb pea ,, • ._. .. (Qpa) 
ad m. total •tcma 4ut'at1oa (Ds) fn Glal•t Cl'Mk 
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TOTAL STORM DURATION, (D5 ), hr. 
6 
0 
corrupond 4tacb.arp v.a ~... 70 rc•t and 2.s p•nan.t 
.. ..,.u.w11. 'rtd.1 al"• ._. taidLC•Uoa ot tu -.aitwle of tbe effect 
o f.aflltr•tloa • afs.a.4 b7 the ICI proceduQ. 
1 
fte varl.att.ona la tM pMk cU.acbal'p and tM eont1tpoadlQ8 perlocl f 
rtH for eto• hJdro....,.. vttb .... ,_t to ra&nf•ll patnna, •tora 4-•• 
ti , 4'ad eyntbettc Jdwopapk tlaoda .,.... • f.H. TIM •tudJ ... ..a. 
Wee veter...,_; ooe la Iowa 4lftd two ln lllt u. A coutant lllfU• 
t1"AC1oo t•t• of 0.10 t . -. per hour.,.. WNlll. 
h'oa the 4ata olataimcl tllll followt.q ..-rel cone lualou c• ._ Mil• 
for cbe tllne water •· 
1. 'llMl period of l'Ue 1• • u.._ huttoa of tlae eton durattoa. 
2. 'Die 1oote1' tM atol'll ikarat101l tlMI pe.at.n die 'VViatloo ta Cbe 
period of rl•• vtt1a napect h tM •ton pattft'O. 
3. AJder '• • O'Vh'p eclicted t • period of riM for ...,. attv.• 
act. • r•1'• •tbod. Md tbe IC8 •daod wen not cout•t c.. 
but tlaey wr• •cb cloHr to the deft-' ata&IUrd.. 
4. 'l'lae ,.a cttMUr• .,.. affeccad 9UJ llttl• by ttae l'alafall pat• 
cen, da• ar .. ter ftl'iatlon oecurri wttb dae 1-.- cloratto 
• 0191. 
s. llo ras.alall patten wu COG91•t•t ta 1tvtaa tlM ••1-. pMk ....... 
• la,..•• •tllocl co•t•teatl7 \&Mer .. tl• ed dae peak cllacbar•· 
lCa1tber a,•• •thod raor die ICI Mtlaod vu co•tateatl1 btab 
or low. 
7. Cray•a • 
red.lctlq • _.rett f tba rlUcal •toN for tbe P" 
9U11Pti • J;t vu cliff • •YIU.M die orttlc•l duration 
82 
fcw ln,d•r'• •thott hcauM of di.• fl•t•u of * cuntt. 
h¥daeT •t.S1 llawld be _.. tn tM ._. a:ru 'lritb a 1-.- ...,.., 
of ut••laede l'epr•••ntt.aa • lager reap ta •t.ae. 'Dai• vout4 ldd 
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APfllDD Be 1HPD.lCM. mm ~ Dl9ltOffllft 
Cs.t..t CNek V.cenbed. at Spalad ta nordl•cutnl llU.uot•, will 
be uftd to iU•tr•t• tbe pl'Oeeclul'• for tat. ma • ualt bJdroaraph 
fl'Oll -.tl'tcal 4at•• TM tHatft••tap r~t: cm tlM J.42 eq. Id. ••• 
.., tutalld tn 1946 • eoac••'• conti'Ol bu Men in UM •lac• ltlt • 
ftae •t•·U• &l'apil for the •tora of JUM S, 1955 l• abtMt Sn Fia. 
18, Thi• in- .f papb (• r•l•tl•l1 ._, ltl'Uk 11"<111 tM: pnc.Slq 
nc•••ln O\A,'W; • .-otll rielQI U.mb a a '*°da ncu•t.oa lfJll:J).,.. 
••l•etect lo~ dft8lopioa ~ uni~ hydro•apb• Ptve *CJ •t• ar:one ver• 
.. iected fft Nd\ vaterllled, llowev4t.-, --. •~• •lf.alMt.S ..-n aoalpt•. 
'rlM •tap vaa couw~ced to ctiadlal'p b7 ..attq U1)1- f la. 19 • •llown f.n 
table 19. llotW of t1Mt 1to._ nn ol afH.oa...t lllPttv.ft to ~ • 
.f.Ddl et nooff • vovld tHt tl••f.n4 (16, P• 446 aad 36, p. 101). 
fta f.Qdlyldual atora ··Jdnpapb• Wl'e pl•ttod .• ftClllm io fll• 20 1-0 
f.:£U.tat• tll4t _.tractiOll of tJae .,._ flow. SlllOtl tlae alt hJdn>P'iapll 
l• ool7 appU.cal>l• to ••rfau ruaoff. tU baM flow or dflunt l"ouod 
veter fl• ••• k ftbtracted fC09 tblt aeon llyd&"opapil. n.., •tlaod• 
wtcb WJr7 Sa COllPl•xlty _.. out:U.md la I.hi r•f~. LiuJ.9)' it•\.• 
(26, p. 391) •t•t•1 " · •• •tac:e the pcoeedun• do not dtffa ·~••lw­
ly in tU vol ... d•t•'1dned, the •l•tloa or. putlcule •tbod ... not 
10 1...-c•t • l• lt• coulat•t: .,,u.c••lm.0 AD ultltr-., Md ••1•-
tt•l7 ablple p~edu.-• ,,.. u-4 foll' baN flow •p••tf.oo. 
A. A •b-&lpt ltm vu 41'._ t.anpnt to \llae nu••ioa CUl'ft wbel"• 
dle cunt vu ••Mnttelty • •t:l'alp« 11•· 
J. Alt• COGMCct-. ta. tottlJal potat of rtM n the rtatq lblb 
r11. 18. a.p1'0tkaotton o ta. Ol'itU.1 •teaa•tlm ,repll for tile ltora 
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c:uau lated bi t rrect.ed l>i•clutrae 
t1- Con'Ktio It ... 
Se· ' ':"1 i• 1 ~t, ,,. 
1.so ----~- 1.50 7.2 
1.54 ---·· l.'4 • 
l.61 .......... 1. l 1 
45 2.25 ···-- 2.25 l 
3.20 ...... ~.20 345 
'' '·. ----· 5.00 10 
0 .s. ' •0.02 '· 3 US5 lOS s.1s -0.01 5.1' l Z6 
1 4.S5 ----~ ·'' 1 0 135 4.00 ....... 4. 
150 ·'' ---·· J.55 445 165 3.20 -···- 3.20 s 
l ' 
2. ' ....... 2. s 2 22$ 2. .. ...... 2. 218 
"' 2. ···-- 2.50 ' 2.l6 ··--·· 2.36 157 
315 2.21 ·-·-· 2.21 l 5 2.21 -·-·- 2.21 1 
375 2.15 ---·· 2.11 116 
4 5 2. -·-·· 2. 103 
45 l. . ....... l. 
52' t. 1 ·-··· 1. 1 71 
SIJ 1. ···-· l. 2 l. 2 -----~ l. .2 55 
705 1. ...... 1. 0 Sl 
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and the ta wbere canant 11• 1..,,.. tbe receq 
vu r.a ( ... tta. A to I in ti.a. 20). 
C. ADothtt poJ.nc tJae rec ... 100 curve th& le 2 percent of Qp 
ebow UIMI Al t• ettmllued. A 1t _.._. feot1 
itdtlal point of rf." t the ..,1, eflDAtd t.at. U C 
lo i&• 20. tbut die nct .. a1 C\trft acl die hue tt... a 
fwactl of dMt ak ittelt.arp. 
ta.. ar.. aa.o. Une AC 1• could•r41d u the aurfac. naof f met eut 
Ml.ow • dMl bue flow. bae fl°" or4tutea •• dMnl ••111 • 1J. 
tl't1et9d to btalr& the lna~• for tta. eurf.- no ff. 'lbe CO&Wet."•1• 
lt ,.tropapla la ebown t Teble 14. of 
!be plot of dal'M it Jdropepll9 ctewloped fl'Oll tlae ... iq record• 
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ff froe ltOl'll ... 0.56 lQ. 
t.ctor ...-1. l/ . 56 .. 1.7 • 













































































































































































'""' 0 0 
1 1 
'l'ba caleulatt na fo the 111\lt bJd a tor t . eyatbett.e 
11ettlod• are 1Uutrated clertvi the nit ,.Srusrapha for Glialet • 
&tet" • Tb ut.d.t ydroarapbe to-r au I'.. t•t.tllwlft l 
Pip. 22. 23 14. Tabl .. 15 and 16 llaow tile peak diacbar• of tbe 
it P' ad of rlee of the ii aplut. 
nyder'• lie 
1•• lb• let ld le were ueed vi ~ aocliftca• 
t1 tt.o le, t • 3 + 3(tx/24), wMn ta ta 1 daJa ... chanpcl 
te> ta • 4 , .._.. t1 t• lu r•. Stace tile wat•rMed• are -ll•r tbaa 
·tlaoH ln t 4erlvatlon f ta. -.a t.ou it VM felt dlat • r.Wc• 
ti 1 the beM tf.m • vanmted. lD rnlwta1 Cray'• claeela (13) a 
larae pu nt • ot tile empll'tcal uni h)'drop-.,&l• bed a bae• U.• f 
ap r tMt•lJ fwr tt.u tbe pert of rf.M tt •• .felt t i• lei be 
•v ftctent jw.tlf tcatt f r u1iq ca ...... 
a • 0.54LO. • O.S4 (4.4 )O.t • 2.26 111. (3b) 
tL • C (Lte.)o. 3 • 2.0 [(4.4S)(1.26)]0.l • 4.00 bra. (la) 
• unit atora durattoa. 
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'table u. •1•t of tbe vott hJdroar ,.a di•charae (Qp) wt tile 









lrt al . ., 
ac:s ,._ 






3700 3700 3700 
32SO 32'0 32SO 
27 27 0 2680 
730 730 730a 
3090 JO!JO J09 
1940 1'40 1940 
2380 2380 2280 
570 570 510-
2.500 2500 2500 
l 60 1960 1960 
2970 2970 
10 170 87()11 
ac.1cul•'*1 valwta wre 10 cf• 1 .. a tbaa atwn value t ver• 














al• 1 • YarlaUoo of die vnit ydl'OIJ'epll pert of t:J,ff <•a> vf.dl tlae 
total •tora watt (Ds) and tlMt Mtbod of unit II'_. 
... 1 t 
o.J 
rlna falley lltpll'teal l.7S 
Creek 
'l!fr/ 1.13 
SCI 1.33 .... 4.22 




pr er.- lrtcal 1.30 .., 2.80 
1. 
J.54 
°"'' ~~-... " 1 ••• To~l atora ~ratlora , <!f?, . bn. 
1.00 2.0 4 .. 0 
1.7! '·'' 1.75 
1.13 1.13 l.13 
1.33 1.38 1 .. 
4.21 4.n• 4.25• 
1.00 1.00 1.00 
1.38 1. 1.38 
1.10 1.u 1.1' 
J.84 3.11• .11• 
1.lO 1. 1.30 
2.80 2. 0 2 • 
1.58 l.6S l. 3 
3.54 3.S7• 3 • .57• 
.,t .. at wluet ....- bec•M of -11 chm• lo dMt lt ta:pd p 
Mecmd vat.- u•ecl· 
1 
q • 640 Cpl • ( )(0.62.5)/3.84 • 104. cta/aq.at. (l ) 
A • (1 • 2)(5. 2) • 570 cla (ld) 
f oaloeen (41, l•t• • h 
7S • 3.0 bra.. 1S • 424 ct• 
W.50 • 5.2 k•. Q50 • 283 f• 
Juett a tL for 12 Iii, • uait •to111 rattan 1tveai 
• I • 3. 7 IR'a. 
• S eta 
'a • ld ...-1 tUl plu one.-ulf tbe t.t •tora duration, bow'Mr, 
lt i• 1J a -u fr41Ctl• of tia aad. tbenfon Pa v• H ...-1 t t • 
nit bJd IP' 1• 111u•trated iA rta. 2S. 
SCIMI 
Clone 2a, 
lure• of a.ct.-tlon (43, p. 47). 
or 6 alD. unlt atora 4uratloa: 
t 0 • (U.t L3/ll)0.'8S • [(11.9)(4.4S)3/24S]O• 5 • 
1. 7, Iara. (4•) 
Jta • D/2 + O. t • 0.10/2 + 0.6(1.75) • l.10 br•. (2b) 
'• • Pa + 1.67 a • i.10 + 1.t1(1.10) • 2.t4 bl'•· (2c) 
107 
p • 484A'I/ • 484(5.42)(1)/1.10 • 231 efa (2a) 
o 12 •1 • unit et:ora cluratt.on: 
t1 - 3.07 •• 
Qt• %280 cf• 
'Iba ualt IQ'droar• t. Ulutr•ted t rt.a. 23 .. 
!be it Jdropapb WM cl•riwd fro11 lquatiou 3-. 3f, 3a and A. 
Yalu• for • a4 Vft• tlaoM 11wn tor tile IlU.noi• aru. 
'ah' • x(L/ fi"o> • 9. 27(4 .. 45/ i 0.98)0•562 • 21.6 Ill • (3e) 
'air' • 1/(2. 76/ .0139) • 21.6 Illa. (3 ) 
• 82.6 Id.a. 
41 • 1 + -r• • i + Pal<PaJv'> • 1 + az.1121.6 • 4.aa (3*> 
~.qc~·>• .~·<tlft) 4-1 
Q<t'"' • r <-.> <tlra> 
• 25.0(J. rtl .aa • •3.824 tfl.a (t/ ... '\3.IM r (4.IW.) •tv (Jh) 
Value• f r le fwactloa ere .a.ova lo Table 17. lloltappel • • Ubl•• 
of e• (17) _.. ulpful ia .,,.luatlaa thl• fuctto • fecton for comrert• 
f.na tl'0.9 • cll••l 1••• plot to • •it llydrolJ'apb an: 
108 
o.ooo 174. 0 
o.125 S42.38 O.OOO)J 
o.375 .ss o.ons 
0.625 80.16 0.16.5.S 
o. 75 .11 0.600 
1.000 19.11 1.000 
1.125 U.84 l.S70 
1.37S 4.SS J.38 
1. 25 1.7S 6.40 
l. '' 
o. 13 11.05 
2.1u o. 17.9 
2.l7S 0.099 17.45 
2.625 o.o 40.0 
2.87S o.ou 53.4 
3.12' 0.0055 7 .5 
J.375 0.0022 lOJ 
3.62' 0.00084 139 
J. 7S 0.00032 179 
Tot.ale 
•r.a wlu• not lac hMled l ... 











































9ol of unf. 
Tlaenfore, 
t09 
• l 1 • x S.42 eq. et. x 
• 2' • 82.6 ... • • 60 as • lilt . c&-eec • ... . 
1 f.lOltl/0.15 .. 
Q • 100 •£cf• 
• Q ... tM inate for the lt ydro• 
p • Aleo t fol' t:M lt )Jdroarapla 1• ..-1 to /Pa x 
('l'abl• 17),. 
f ll• ln dMI Alric lt~ral 
iDMrlQa htldlq at ION tat• Ulllwral 1 ot lolenc• aad Tecllnot gy. • 
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